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In order to propose new approaches for e-learning environments 
and enhance their possibilities, we propose a model to authoring 
adaptive learning designs. This model will allow teachers, 
instructional designers, and experts, to define: the learning style 
approach they consider is more adequate giving the characteristics 
of the topic; the assessments and tests that will be used to evaluate 
the students’ understanding of the topic; and, the adaptive rules, 
adaptive techniques and students’ stereotypes that will be used to 
tailor the learning materials to the learners’ characteristics. The 
model also contains an adaptive meta-model that has two 
intentions. The first is to audit the coherence of the adaptive rules 
created by the teacher. The second is to evaluate if those rules 
have been effective to learn the learning material taking into 
account the performance of the learners. 
Categories and Subject Descriptors 
H.5 [Information Interfaces and Presentations]: 
Hypertext/Hypermedia, User Interfaces.  
General Terms 
Algorithms, Measurement, Design, Experimentation, 
Standardization. 
Keywords 
Adaptive Hypermedia Systems, Learning Technology Standards, 
Authoring Adaptive Hypermedia, Learning Design. 
1. INTRODUCTION 
In the last years, several educative institutions had incorporated 
information and communication technologies into the educational 
process in order to increase the quality and dissemination of the 
Education. 
This incorporation has emerged a great variety of e-learning 
environments. However, the result of this e-learning explosion is 
that the same contents, instructional designs, and didactic 
materials are delivered to students who have different 
characteristics, knowledge, and learning styles. 
Moreover, broadly speaking, e-learning elements are designed 
and presented without any division between its content and its 
meaning. This syntactic presentation prevents to automatically 
extract data [1]. In this context, interoperability, reusability, and 
interchange among e-learning systems are impossible. 
Additionally, the idea of a cost-effective development is far away.  
Giving this situation, and with the aim to develop and improve the 
possibilities, characteristics, and services provided by the e-
learning environments, we consider significant to study, in one 
hand, how different educational contents and instructional designs 
can be adapted to the diversity of students, an in the other, which 
is the process that has to be followed to determine the efficiency 
of the adaptive rules used to perform adaptivity. The goal is to 
help students to reach their learning goals in less time with better 
results by designing adaptive e-learning environments based on 
an open model. The model is directed to define adaptive e-
learning environments with characteristics configurable by 
teachers or instructional designers.  
Moreover, we intend to use learning technology specifications to 
describe learning elements, this will provide them of a semantic 
meaning and will make them interchangeable elements that can be 
used in several e-learning environments, or be used by agents. 
2. OBJECTIVES 
The general objective of the thesis is to propose an open model to 
define adaptive e-learning environments. The model will give the 
possibility to define the learning style, the learning design, the 
adaptive rules, and the tests that will be used to build and deliver 
an adaptive learning experience to each student. The specific 
objectives are divided into the following items: 
1. To develop an adaptive learning environment based on the 
open model proposed 
a. To provide students of an effective e-learning tool 
to help them to reach their learning objectives. 
This tool will be able to adequate the contents, and 
links to the learner knowledge, and learning styles. 
b. To provide professors of an authoring tool to create 
configurable adaptive e-learning designs. 
2. To develop an Adaptive Meta-Model 
a. To resolve if the adaptive rules defined by the 
professor are coherent and can be performed. 
b. To determine if the adaptive rules designed by the 
professor have been effective (i.e. students had 
learnt in less time with better results).  
3. To evaluate the proposal  
a. To define and apply an experimental design based 
on study cases, and provide conclusions and 
improvements. 
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3. DESCRIPTION 
The initial architecture of the model (see Figure 1) has five 
models (or sub-models): the Learning Domain Model, the Student 
































Figure 1 - Architecture 
Various specifications defined by IMS (www.imsproject.org) are 
used to describe the metadata of the elements. Namely, the IMS 
Learning Design (IMS LD) [12] is used to label the Learning 
Domain Model; the IMS Content Packaging (IMS CP) [11] is 
used to define the Interaction Model; and the IMS LOM (IMS 
LOM) [14] is used to annotate the repository of learning objects 
3.1 The Learning Domain Model 
The Learning Domain Model includes the learning style 
definition, the test definition, the adaptive rule definition, and the 
learning design definition. 
3.1.1 Learning Design Definition 
The objective of the learning design definition is to specify and 
describe the knowledge structure and the learning instructional 
design. The approach of the proposed model is based on the 
learning activities. This is to say, instead of describe learning 
concepts, the learning experience is structured into learning 
activities.  
The definition of the learning design is guided by the IMS LD 
specification. The main elements of this specification are: 
learning-objectives; prerequisites; components (roles, activities, 
environments), method, and metadata. These elements will be 
used to describe the learning design definition. To create activities 
there are three elements available: learning-activity, support-
activity and activity-structure. We propose to use these elements 
as elements that can be adapted. 
The learning style of the activities will be considered to perform 
the adaptation. Further, it is important to have the possibility to 
consider that an activity could cover all the dimensions of a 
learning style approach but in different percentages. The attempt 
is to open the scope and not state that just one learning style 
dimension can be covered in one learning activity or sequence. 
Consequently, the element learning-style will be added to the 
definition of learning activities to store, as a vector, what learning 
styles the activity endorse. The vector contains the learning style 
dimensions and the percentage the element covers for each 
learning style approach. Although this element is not considered 
in IMS LD it will be added.  
3.1.2 Learning Style Definition 
Learning styles attempt to establish indicators on how learners 
perceive, process and interact with learning environments. 
Considering these indicators it is possible to design learning 
materials and instructional designs more suitable to the manner 
each learner learns. However, there is much discussion of learning 
styles [16] and a lack of consensus.  
As a result, many learning style approaches had been defined. 
There are some that are appropriate only for a specific field, like 
the Felder and Silverman Learning Style Model [7] that is 
directed only for engineering education. This approach proposes 
ten dimensions. Two related to the way students receive the 
information (sensorial-intuition), and the other eight related to the 
way the information is processed (visual-verbal; inductive-
deductive; active-reflexive; sequential-global). Other well known 
approach to define learning styles is the Kolb’s experiential 
learning theory [15] that also takes into account the way the 
information is perceived (theorist and activist dimensions), and 
the way the information is processed (reflectors and pragmatist 
dimensions).  
Nevertheless, to construct an open model it is necessary not to 
prescribe one or other approach. The idea is not to set down any 
learning style, but a flexible structure where the different learning 
style approaches can be described and used to characterize the 
learning style of learners and activities. This description also will 
be considered to perform the adaptation. 
Therefore, by means of the learning style definition the teacher or 
instructional designer specifies the learning styles approach that 
would be considered. For every learning style it is necessary to 
define its name, description and dimensions. 
3.1.3 Test Definition 
In the test definition the tests and assessments that will be used 
are described. There are four types of tests: learning style, initial 
knowledge, current knowledge, and final knowledge.  
The objective of the learning style test is to identify the learning 
style of the student. This type of test should be linked to a 
learning style definition created before, that will provide the 
dimensions of the learning style that will be measured. This test is 
defined by its name, description, linked learning style definition, 
and sets of questions that correspond to each dimension of the 
learning style definition. 
The objective of the initial knowledge test, current knowledge 
test, and final knowledge test is to measure the students’ 
knowledge. The initial knowledge test and the final knowledge 
test have to be linked to a unit of learning (or lesson), while the 
current knowledge test has to be associated with a learning 
activity or activity sequence.  
The results of these tests set the values of the learning style, initial 
knowledge, current knowledge, and final knowledge of each 
student. These values are used to describe adaptive rules and, 
consequently, they will be used by the Adaptation Model to 
determine what activities are adequate to the student, taking into 
account his/her learning style and knowledge. 
3.1.4 Adaptive Rule Definition 
While in most cases the definition of adaptivity is pre-defined by 
the designers of the adaptive systems, in the proposed model the 
objective is to give teachers and instructional designers’ freedom 
to define what characteristics and variables have to be considered 
to perform the adaptation and avoid programmers and designers 
decisions on what features are more suitable for describe the 
adaptation, what are the characteristics of the different adaptive 
techniques, or if stereotypes should be used to perform adaptivity. 
Adaptive rules define the conditions that will be considered to 
execute an action or actions to adapt the content and links to the 
students’ characteristics. Conditions can include the prerequisites, 
learning objectives, learning activities, activity sequences, as well 
as the learning styles that describe these elements. Moreover, 
characteristics of the student as his/her learning style, initial 
knowledge, current knowledge, final knowledge, or his/her 
interaction with the learning material (behaviour) can be used. 
Actions can include hide or show a learning element or a menu 
with certain items; sort elements; recommend, or not recommend 
elements; consider if learning material will be presented in a 
sequence or in a selection manner; or if a number of learning 
activities have to be performed to consider the learning activity as 
completed.  
3.2 The Student Model 
The student model stores all the information of the learner that 
can be helpful to adapt the content and links. It contains the 
learning style, initial knowledge, current knowledge, final 
knowledge, and information of the students’ interaction with the 
content (e.g. visited pages).  
Students not only have 100% of one learning style, but a mix of 
them. Therefore, we propose to store –as in the description of the 
learning style of learning activities– all learning styles that a 
student has (i.e. he/she has answered a learning style test) in a 
multidimensional vector where each layer represents a learning 
style approach. Within each layer is stored the percentage the 
student has for each dimension of that learning style approach. 
3.3 The Adaptive Model 
The adaptive model integrates all the definitions of the learning 
domain model (learning design, test, learning style, adaptive 
rules) to automatically generate the learning content and paths 
that will be presented to each student. 
3.4 The Interaction Model 
The objective of the Interaction Model is twofold: to deliver an 
adaptive unit of learning for each student (IMS CP is used to 
annotate the file: this is the integration of the IMS LD into the 
IMS CP, and is the way of interchange learning designs), and to 
observe behaviour of the student while he or she interacts with the 
learning material. Observation includes data about what learning 
activities the student visited and the results of the four types of 
test (initial-knowledge, current-knowledge, final-knowledge, 
learning-style). This information will update the student model. 
3.5 The Adaptive Meta-model 
The Adaptive Meta-model aim is to audit if the adaptive rules 
defined by the teacher or instructional designer are succeed in 
providing an effective learning to students. This model will take 
into account the time the student spent to complete the learning 
activity and his/her grades in the different tests. 
Moreover, this model will verify if the definitions of adaptive 
rules are coherent, well constructed, and do not interfere with 
other definitions. 
4. CURRENT STATE OF THE WORK  
We are developing an authoring tool based on the open model 
outlined in this paper. We are making use of an authoring tool for 
compose hipermedia books called Hypermedia Composer (HyCo) 
[8] [9]. The idea is to extend its capabilities and build an adaptive 
e-learning environment to test and develop the proposed model. 
At present time, we are developing the leaning domain definition 
of the open model. 
5. CONCLUSIONS 
Although, research in the adaptive educational environments has 
been done for many years, some well known examples are ELM 
ART [4], InterBook [3], AHA [6], KBS-Hyperbook [10], and 
TANGOW [5], the utilisation of an open model that configure the 
behaviour of the adaptive learning environments, at present, is not 
developed.  
For that reason, we consider valuable to propose an open model 
directed to fulfil the requirements of teachers or instructional 
designers in such way that it will be possible to design learning 
environments for any knowledge field, educational level, 
instructional design or learning style. In addition, the model will 
give teachers the possibility of build their own adaptive rules and 
audit their efficiency.  
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